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ABSTRACT
The region surrounding the well-known reflection nebula, NGC 7023, illuminated by
a Herbig Be star, HD 200775, located in the dark cloud L1174 is studied in this work.
Based on the distances and proper motion values from Gaia DR2 of 20 previously
known young stellar object candidates, we obtained a distance of 335 ± 11 pc to the
cloud complex L1172/1174. Using polarization measurements of the stars projected
on the cloud complex, we show additional evidence for the cloud to be at ∼ 335 pc
distance. Using this distance and proper motion values of the YSO candidates, we
searched for additional comoving sources in the vicinity of HD 200775 and found 20
new sources which show low infrared excess emission and are of age ∼ 1 Myr. Among
these, 10 YSO candidates and 4 newly identified comoving sources are found to show
X-ray emission. Three of the four new sources for which we have obtained optical
spectra show Hα in emission. About 80% of the total sources are found within ∼ 1 pc
distance from HD 200775. Spatial correlation of some of the YSO candidates with the
Herschel dust column density peaks suggests that star formation is still active in the
region and may have been triggered by HD 200775.
Key words: Polarization – stars: distances, pre-main sequence – ISM: clouds – X-
rays: stars
1 INTRODUCTION
A complete census of young stars and sub-stellar objects in
the nearby star forming regions is essential to improve our
understanding of the global properties of younger popula-
tion like disc fraction, initial mass function, star formation
efficiency and the star formation history. One of the key re-
quirements to carry out such scientific investigations is the
distance of the region from the Sun. It is an essential pa-
rameter required to determine many of the physically rele-
vant properties such as the mass and the physical size of the
molecular cloud. It is also required to determine the luminos-
ity of young stellar objects (YSOs) that are embedded in the
molecular cloud and the size of outflows, if present (Yun &
Clemens 1990; Clemens et al. 1991; Kauffmann et al. 2008).
Unfortunately, the distance estimation of many of the clouds
is often plagued by very large uncertainties and it is seen in
? E-mail: s.piyali16@gmail.com (PS)
the literature that measurements often differ by large fac-
tors, especially for those clouds that are isolated, sometimes
by as much as a factor of two (Hilton & Lahulla 1995).
LDN 1172/1174 (hereafter L1172/1174; Lynds 1962) is
an isolated star forming region situated at a relatively high
Galactic latitude (l ∼ 104.1◦, b ∼ 14.2◦). L1172/1174 is as-
sociated with a bright reflection nebula NGC 7023 in the
Cepheus constellation. The nebula is illuminated by a Her-
big Be (B2/3Ve) star HD 200775 (The et al. 1994; Manoj
et al. 2006) which is identified as a double-line spectro-
scopic binary system having primary and secondary masses
of 10.7±2.5 M and 9.3±2.1 M respectively (Alecian et al.
2008). Being associated with a single filament, the whole
cloud system resembles a “head-tail” structure oriented at
an angle of ∼ 50◦ to the Galactic plane (Elmegreen &
Elmegreen 1978). An outflow from HD 200775, currently in-
active though, is responsible for generating an asymmetric
east-west biconical cavity that is filled with hot atomic gas
(Fuente et al. 1998b). Rector & Schweiker (2013) discovered
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four new Herbig-Haro (HH) objects in NGC 7023 by wide-
field imaging. At least two distinct outflows were discovered
in the northwestern “lobe” of NGC 7023. Kirk et al. (2009)
identified a total of 50 YSO candidates in the vicinity of HD
200775 based on the Spitzer Infrared Array Camera (IRAC)
and the Multiband Imaging Photometer for Spitzer (MIPS)
study of the Cepheus Flare. HD 200775 is located at the cen-
ter of a sparse cluster of T Tauri stars (TTS; Weston 1953).
Observationally, TTS are identified based on their proximity
to molecular clouds and presence of Balmer lines of hydro-
gen in emission (Appenzeller & Mundt 1989). The equivalent
width of Hα emission line, EW(Hα), is used to classify the
TTS to classical (CTTS) and weak-line (WTTS) sources.
About 14 of the TTS found near HD 200775 show Hα in
emission and variability. At least 3 of these TTS are found
to be in binary systems (Romano 1975). Based on 13CO ob-
servations, Yuan et al. (2013) suggested that strong winds
from HD 200775 are blowing away ambient material caus-
ing further compression of the matter around it, especially
to the northern region where most of the YSOs are found
to be distributed. They also found a systematic decrease in
the age of YSOs as a function of distance from HD 200775
implying that at least some of them are possibly formed as a
result of the feedback from HD 200775. Presence of a Herbig
Be star, HH objects and low mass YSOs makes L1172/1174
an excellent candidate to study star formation possibly due
to stellar feedback.
The distance to L1172/1174 is not firmly constrained.
Several values of distances have been quoted in the litera-
ture. The distance estimates made for the complex are com-
piled from literature and listed in Table 1. The estimated
distances range from ∼ 300 pc to ∼ 700 pc. Based on the ex-
tinction and the absolute magnitude of HD 200775, Viotti
(1969) made initial estimates of the distance to the star and
obtained a value of 400±100 pc. Using photoelectric photom-
etry and low resolution spectroscopy of 75 stars projected
against L1172/1174, Shevchenko et al. (1989) reported a
distance of 300 ± 20 pc by producing a colour-excess vs dis-
tance plot. Straizys et al. (1992) used Vilnius photometry
which gives two-dimensional classification and interstellar
reddening produced extinction vs. distance plot of 79 stars
towards the cloud. They obtained a distance of 288±25 pc
to L1172/1174. The parallax measurements of HD 200775
were used to calculate a distance of 430160−90 pc to it (van
den Ancker et al. 1998). However, based on a recomputed
Hipparcos parallax value, van Leeuwen (2007) estimated a
distance of 520180−110 pc to HD 200775. Maheswar et al. (2010),
by using 2MASS JHK photometry obtained extinction and
distances of sources projected against the cloud, estimated
a distance of 408±76 pc. Benisty et al. (2013) obtained a
revised distance of 320±51 pc to HD 200775 by combining
radial velocity measurements and astrometric data. Using
Wolf diagrams, Kun (1998) suggested that the Cepheus re-
gion above the Galactic latitude of 10◦ consists of different
cloud material partly projected against each other. They
found evidence of absorbing clouds at ∼ 200 and ∼ 400 pc
and assigned a distance of 450±45 pc to L1172/1174. Evi-
dence for the presence of two layers of interstellar gas was
found in neutral hydrogen (Heiles 1967) and in CO molecu-
lar line (Grenier et al. 1989) observations. By applying kine-
matical method to velocity profiles of the lines, Grenier et al.
(1989) estimated an approximate distances of 300 pc and 800
Table 1. List of previous distance estimation of L1172/1174 com-
piled from the literature.
Distance Methods used to obtain the distance Ref.
(pc)
282±42† Extinction vs distance 1
288±25 Extinction vs distance 2
300±20 Color-excess vs distance 3
320±51 Radial velocity and astrometry of HD
200775
4
358±31 Distances of YSOs in Cepheus flare region 5
408±76 Extinction vs distance (JHK photometry) 6
430160−90 Hipparcos distance of HD 200775 7
440±100 Extinction and absolute magnitude of HD
200775
8
450±45 Wolf diagrams 9
510±130 Star counts method 10
520180−110 Recomputed Hipparcos distance of HD
200775
11
715±110† Extinction vs distance 1
1. Zdanavicˇius et al. (2009), 2. Straizys et al. (1992), 3.
Shevchenko et al. (1989), 4. Benisty et al. (2013), 5. Dzib et al.
(2018), 6 Maheswar et al. (2010), 7. van den Ancker et al. (1998),
8. Viotti (1969), 9. Kun (1998), 10. Armandroff & Herbst (1981),
11. van Leeuwen (2007)
† Zdanavicˇius et al. (2009) identified two layers of material to-
wards the direction of L1172/1174 based on the jump in extinc-
tion seen in the extinction vs distance plot.
- 900 pc to the layers. Zdanavicˇius et al. (2009) investigated
1.5◦×1.5◦ area centering at l=104.1◦, b=14.2◦. This area was
divided into five smaller subareas and dependence of extinc-
tions on distances were studied by using stars projected on
these subareas. They suggested that the dust clouds in the
vicinity of NGC 7023 are concentrated in at least two layers
that are at ∼ 280 pc and ∼ 715 pc. However, in their analysis,
the number of stars used to discern the hikes in extinction
in different subareas is very small making the distance esti-
mates quite uncertain.
On the basis of the spectral slope of their spectral en-
ergy distribution (SED) in the near- to submillimeter wave-
lengths, the YSOs are also classified on an empirical se-
quence into Class 0 - III and flat spectrum sources (Lada
1987; Andre et al. 1993; Greene et al. 1994; Robitaille et al.
2007; Evans et al. 2009; McClure et al. 2010). The Class
II and Class III objects generally correspond to CTTS and
WTTS, respectively. Based on the Hα emission, near-IR and
mid-IR observations, a total of ∼ 60 YSO candidates have
been identified so far in NGC 7023 (Kun et al. 2009; Kirk
et al. 2009; Yuan et al. 2013). Because WTTSs show low
EW(Hα) and less IR excess emission, it is difficult to distin-
guish them from the unrelated field stars and they may fail
detection in Hα and IR surveys. Thus a complete census of
Class III sources in a star forming region may not always be
complete. Using proper motion and parallax measurements
from Gaia DR2, numerous kinematically coherent associa-
tions of stars have been recognized within a few hundred
parsec of the Sun (e.g., Dzib et al. 2018; Luhman et al.
2018; Faherty et al. 2018). Detailed study of the nearest of
these associations has revealed the presence of a large num-
ber of low mass stars and sub-stellar objects (Luhman 2018;
Luhman et al. 2018). Thus, an alternative way to get census
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of disc-less young members, if present, in a star forming re-
gion is to look for additional sources that are kinematically
associated with the known YSOs of the region. We made
a search for any additional sources that may be comoving
with the known YSO candidates and may have been missed
detection in the earlier studies of L1172/1174 (Kun et al.
2009; Kirk et al. 2009; Yuan et al. 2013), using distance and
proper motion values from the Gaia DR2 database.
In this work we estimated the distance to LDN
1172/1174 using recently released Gaia DR2 data of the
YSO candidates identified in the direction of the cloud and
of the sources for which we have made R-band polarimet-
ric observations. Using the distances and the proper motion
values of the YSO candidates as reference, we searched for
additional co-moving sources in the cloud. We obtained a
number of sources moving in a similar fashion as the YSO
candidates and lying in a similar distance. We classified these
comoving sources based on the additional information col-
lated from the archives. The paper is organized in the fol-
lowing manner: details of our observations and the Spitzer
and the Gaia DR2 data sets are described in section 2; re-
sults and discussion are presented in section 3. Finally, we
conclude the paper with a summary of the results in section
4.
2 OBSERVATION AND DATA REDUCTION
2.1 Polarization measurements
The polarimetric observations of 42 fields covering the cloud
L1172/1174 were carried out using ARIES Imaging PO-
Larimeter (AIMPOL; Rautela et al. (2004)) mounted at
the Cassegrain focus of 1.04m Sampurnanand Telescope,
ARIES, Nainital, India. Observations were performed on 26
nights spanning over three years from 2015 to 2017 (see Ta-
ble 2). The frames were obtained using a 1024 × 1024 pixel2
CCD chip (Tektronix TK1024), of which central 325 × 325
pixel2 area was used for imaging polarimetry. The plate scale
of the CCD is 1.48 arcsec pixel−1 and the FOV is ∼ 8′. The
full width at half maximum (FWHM) of the observed stel-
lar image profile is found to be ∼ 3 pixels. The read-out
noise and the gain of the CCD were 7.0 e−1 and 11.98 e−1
per Analog to Digital Unit, respectively. A R-band filter,
matching the Kron-Cousin passband (λe f f = 0.760 µm),
was used during the observations. AIMPOL provides only
linear polarization and consists of an achromatic half wave
plate (HWP) acting like a modulator and a Wollaston prism
as a beam splitter. This set up provides two images (ordi-
nary and extraordinary) of each target on the CCD frame.
The HWP is rotated to obtain four normalized Stokes pa-
rameters, q[R(0◦)], u[R(22.5◦)], q1[R(45◦)] and u1[R(67.5◦)],
corresponding to its four positions, i.e. 0◦, 22.5◦, 45◦ and
67.5◦. We estimate the errors in normalized Stokes param-
eters σR(α)(σq, σu, σq1, σu1) in per cent using the rela-
tion given by Ramaprakash et al. (1998). The average back-
ground counts have also been estimated around ordinary
and extraordinary images of each star (Ramaprakash et al.
1998).
The contribution of instrumental polarization from the
measurements was removed by observing a number of un-
polarized standard stars from Schmidt et al. (1992). We
Table 2. Log of observations.
Year Month (Date)
Polarimetric Observations
2015 Oct (11), Nov (2, 3, 15, 16, 17), Dec (15)
2016 Oct (23, 25, 26, 27, 28), Nov (22, 26, 27)
2017 May (22, 23), Oct (13, 14, 17, 18, 19, 20, 21, 26,
27)
Spectroscopic Observations
2018 Oct (11), Nov (30)
also observed six polarized standard stars (HD 236633,
BD+59◦389, HD 19820, HD 204827, HD 25443, HD 15445)
from the list given by Schmidt et al. (1992) to determine
the reference direction of the polarizer during our observing
runs. The measurements were used to obtain the zero-point
offset with respect to the north, which was later applied to
the position angles of the observed stars. After bias subtrac-
tion, flat correction of the images using the flux normaliza-
tion formula from Ramaprakash et al. (1998), we aligned and
combined multiple images of a given field. The selection of
the ordinary and extraordinary pair of each star from a given
field was automated using a program written in the Python
language. We performed photometry of the selected pairs
using the Image Reduction and Analysis Facility (IRAF)
DAOPHOT package to obtain the P% and position angle
(θP) of each star. The details of the instrument used and
data reduction procedure are given in Soam et al. (2013,
2015, 2017).
2.2 Spectroscopic Observations
We carried out spectroscopic observations of 4 of the 20
newly identified co-moving sources discussed in this work us-
ing the Hanle Faint Object Spectrograph Camera (HFOSC)
mounted on the 2-m Himalayan Chandra Telescope (HCT)
of the Indian Astronomical Observatory (IAO). We selected
sources based on their relative brightness. The HFOSC is
equipped with a 2k × 4k SITe CCD chip. We used a combina-
tion of slit 167l (slit width 1.92 arcsec × 11 arcmin) and grism
7, covering the wavelength range 3500-7500 A˚. This slit and
grism combination gives a spectral resolution of ∆λ ∼ 8 A˚.
All the pre-processing and data reduction were performed in
the standard manner using various tasks available with the
IRAF. We used “splot” task to obtain the equivalent width
of our observed sources. The log of the observations is given
in Table 2.
2.3 Spitzer photometry of point sources
The Spitzer photometry of the known YSO candidates are
obtained from the literature (Kirk et al. 2009). For the newly
identified comoving sources, we calculated the Spitzer IRAC
(3.6, 4.5, 5.8, 8.0 µm) magnitudes by carrying out photome-
try on the images obtained from the Spitzer Space Observa-
tory archive with Program ID: 30574 (Kirk et al. 2009). The
basic calibrated data (BCD) frames were co-added and mo-
saic images were created using the SSC mosaicing and point-
source extraction software (MOPEX; Makovoz & Marleau
2005). Sources were extracted from the final images using
MNRAS 000, 1–23 (2020)
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MOPEX. Photometry was performed by extracting the flux
using an aperture of 7 pixels wide box centered on each
source using the APEX tool developed by the Spitzer Sci-
ence Center. For the sources for which APEX failed to detect
in automated mode at one or more wavelengths, we used the
user list option to supply the coordinates of the source to
obtain the flux values. We adopted 280.9, 179.7, 115.0 and
64.1 Jy in the 3.6, 4.5, 5.8 and 8.0 µm bands, respectively as
the zero points for conversion between flux densities to the
magnitudes as provided by Kirk et al. (2009).
2.4 The Gaia DR2 data
Gaia DR2 provides accurate positions, parallaxes and
proper motions for more than a billion objects (Gaia Collab-
oration et al. 2018a,b). However, the conversion from par-
allax to distance is known to become non-trivial when the
observed parallax is small compared to its uncertainty es-
pecially in cases where σ$/$ & 20% (Bailer-Jones 2015).
Recently, Bailer-Jones et al. (2018) calculated distances to
1.331 billion sources for which Gaia measured parallaxes by
adopting an exponentially decreasing space density prior in
distance. The distances to the YSO candidates and the field
stars for which we made polarization measurements are ob-
tained from Bailer-Jones et al. (2018) and proper motions
from Gaia Collaboration et al. (2018a).
3 RESULTS AND DISCUSSION
3.1 Distance to L1172/1174
3.1.1 Distance based on the known YSO candidates
associated with the cloud
One of the direct ways of estimating distances to a molecular
cloud is to use the stars that are associated with the cloud.
Recently, using 47 YSO candidates identified by Kun et al.
(2008), Dzib et al. (2018) estimated a distance of 358±32 pc
to the whole Cepheus flare region. But as discussed by Kun
(1998), the Cepheus flare region contains clouds that are
located at different distances in projection. The distances of
YSOs studied by Dzib et al. (2018) also show a large spread
ranging from ∼ 200 pc to ∼ 400 pc. Therefore, in this work,
we restricted our analysis to sources that are located within
a 1◦×1◦ region about the star HD 200775 and estimated the
distance to L1174.
A total of 58 YSO candidates have been identified till
now (after taking into account the common sources among
various studies) in the vicinity of L1172/1174 (Kirk et al.
2009; Kun et al. 2009; Yuan et al. 2013). Of the 58 YSO
candidates, we found distance and proper motion values in
the right ascension (µα?=µαcosδ) and declination (µδ) for 37
sources in the Bailer-Jones et al. (2018) and in the Gaia DR2
(Gaia Collaboration et al. 2018a) catalogues, respectively.
For all the 37 sources, a Gaia counterpart was found well
within 1′′ of the input coordinate of the YSO candidates and
the ratio, m/σm (here m represents the distance, µα? and
µδ values and the σm represents their respective errors) > 1.
The Gaia DR2 results for the YSO candidates are shown in
Fig. 1. The triangles and circles represent the distance-µα?
and distance-µδ values respectively. Of the 37, 6 sources (red
circles and triangles) are with 16m/σm < 2; 8 sources (blue
circles and triangles) are with 2 6m/σm < 3; and 23 sources
(green circles and triangles) with m/σm >3. The distance-
µα? and distance-µδ values for the HD 200775 are identified
and marked separately. Three sources out of these 23 are
found to be at a distance greater than 1 kpc. Thus, in this
work, we selected only those sources for which m/σm >3 and
are at distances less than 1 kpc. The results of these sources
(20) are shown in Table 3.
Based on the proper motion and the distance values,
a clear clustering of sources are evident in Fig. 1. The me-
dian of µα?, µδ and distance values are 7.301 mas/yr, -1.619
mas/yr and 335 pc, respectively. The variance and the stan-
dard deviation that are commonly used to measure spread
in a data are more affected by the extreme (high and low)
values. Therefore here we used median absolute deviation
(MAD) to estimate statistical dispersion which is more re-
silient to outliers in a data set than the standard devia-
tion. The estimated MAD in distance, µα? and µδ are 11
pc, 0.386 mas/yr and 0.427 mas/yr, respectively. A major-
ity of the YSO candidates (14) are found to fall within the
constraints of three times the MAD in proper motions and
distances as shown in Fig 1 using the ellipses drawn with
darker shade. Two more sources get included when we con-
sider a constraint of five times the MAD in proper motions
and distances (ellipses drawn in lighter shade). Remaining
four sources show large scatter from the median values. We
note that HD 200775 is showing a larger distance (∼ 2×
MAD) with respect to the median value. In column 9 of Ta-
ble 3, we give the renormalized unit weight error (RUWE1;
Lindegren 2018) for the YSO candidates. RUWE is a scaled
unit weight error (UWE) with the scaling factor depending
on the magnitude and color of the sources. Theoretically, the
UWE is expected to be close to 1.0 for well-fitted solutions
of single stars but can show larger values depending on the
source environment and the geometric properties such as bi-
narity. Practically, sources showing RUWE ≤ 1.4 are consid-
ered as having good astrometric solution (Lindegren 2018).
As can be noticed, of the 20 YSO candidates, 10 sources
show RUWE>1.4. The four sources showing large scatter
from the median values are the ones showing relatively high
values of RUWE (>3.0). Of the remaining six, except one,
the others show RUWE in the range of 1.5-1.6, including HD
200775 which shows a marginally higher value of 1.6. Thus
we considered all the 16 sources that are lying within 5 ×
MAD limit as part of L1174 and sources (four of them) that
are located outside of the 5 × MAD ellipses are considered
as outliers. The distance of 335±11 pc (the MAD is taken
as the uncertainty in the distance) to L1174 implies that
L1174 is at a height of ∼ 80 pc above the galactic mid-plane.
This is higher when compared to the scale-heights of ∼ 45 pc
estimated for the OB stars in the local galactic disc (Reed
2000) and for the molecular gas (e.g. Heyer & Dame 2015).
Thus, L1174 is an example of a sparse cluster of young stars
(which contains one or two intermediate mass stars) forming
at a relatively high galactic latitude.
1 RUWE values are obtained from http://gaia.ari.
uni-heidelberg.de/
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Figure 1. Proper motion values of the known YSO candidates
associated with L1174 are plotted as a function of their distances
obtained from Gaia DR2. The triangles and circles represent the
distance-µα? and distance-µδ values respectively. Location of HD
200775 is also marked. The error ellipses corresponding to 3 ×
MAD (darker shade) and 5 × MAD (lighter shade) in proper
motion and distance values are drawn. The dashed lines show the
median values of distance, µα? and µδ. The ratios of distances and
proper motion values with their respective errors 2>(m/σm)>1
are for red points, 3>(m/σm)>2 for blue points and (m/σm)>3
for green points.
3.1.2 R-band polarization and the Gaia DR2 parallax
measurements of field stars
Presence of interstellar dust grains along a given line of sight
can be inferred by their effects on starlight coming from
the background stars. Rotating non-spherical dust grains
get aligned with their minor axis parallel to the ambient
magnetic field (Davis & Greenstein 1951; Crutcher 2012).
When the unpolarized starlight coming from a background
star passes through regions containing such dust grains, the
light gets polarized due to the selective absorption. Normally
the value of P% increases gradually with the increase in the
column of dust grains along the pencil-beam of a starlight.
However, when it encounters a molecular cloud, a sudden in-
crease in the values of P% occurs. Therefore, while the stars
that are foreground to the cloud are expected to show low
values of P%, the stars that are located behind the cloud
are expected to show higher values of P%. The distance at
which the sudden increase in the P% occurs is taken as the
distance of the cloud (e.g. Straizys et al. 1992; Whittet et al.
1997; Knude & Hog 1998; Alves & Franco 2007). We exam-
ined the R-band polarization measurements of 569 sources
that are projected on L1172/1174. The advantage of using
polarization measurements to infer the presence of a molec-
ular cloud is that the measured values are independent of
the nature of the background stars.
The results of our polarization measurements for the
stars are plotted in Fig. 2. The lengths of the vectors are
proportional to the value of P% and the orientations de-
pend on the θP. The values of θP are measured from the
north increasing towards the east. We obtained Gaia DR2
distances for 545 sources from the Bailer-Jones et al. (2018)
catalogue. In all the cases, we obtained a Gaia DR2 coun-
terpart within 1′′ of our source positions. The results are
presented in Fig. 3. The P% vs. distance and θP vs. distance
plots are shown in Fig. 3 (a) and (b), respectively using
filled triangles in grey. We have shown only 301 sources for
which the ratios of the P%, θP and distance and their cor-
responding error, P/σP, θP/σθP and d/σd > 3, respectively.
The mean values of P% and θP are found to be 2.5% and
142
◦
. The closest star observed by us is at a distance of 306
pc. Therefore to investigate the foreground contribution to
the polarization, we searched for additional sources in the
Heiles (2000) catalogue with a search radius of 6◦ about HD
200775. The search gave a total of 26 sources of which HD
200775, HD 203467, HD 208947 and HD 193533 were not
considered in the analysis due to the following reasons. The
polarization values of HD 200775 could be affected by the
reflection nebulously around it. The HD 203467 is a Be type
object, HD 208947 is an Algol variable and HD 193533 is
classified as a variable source in the Simbad database. Of
the 22, we obtained the Gaia DR2 distance for 17 sources
from the Bailer-Jones et al. (2018) catalogue. The degree
of polarization (PH%) and polarization position angles (θH)
of the 17 sources are shown using filled circles in black in
both (a) and (b) of Fig. 3 respectively. Because the fore-
ground sources show relatively very low polarization, we set
no constraints on the PH/σH values while selecting them.
In Fig. 3 (a), the PH% of the stars having distances less
than ∼ 335 pc (marked using dotted line in both upper and
lower panels) show low values of polarization while the ones
behind the cloud show relatively higher values. A significant
increase in the P% values are seen at ∼ 335 pc for the sources
observed by us which confirms the presence of the cloud at
that distance, similar to what we obtained from the YSO
candidates. From the Fig. 3 (b), as the distance increases
from ∼ 100 pc to ∼ 335 pc, the θH values are found to change
systematically from ∼ 0◦ to a value close to the mean value
of 142
◦
obtained for the sources observed by us. The mean
value of the θH for the 4 sources lying beyond the distance
of 335 pc is found to be ∼ 143◦. Based on an abrupt increase
in the values of the P% and the change in the θP for stars
projected on the cloud, we confirm the distance of the entire
L1172/1174 cloud complex at ∼ 335 pc.
3.2 Additional comoving sources identified from
the Gaia DR2 proper motion
With the knowledge of the precise values of position, proper
motion and distance from the Gaia DR2 measurements, we
looked for additional, probably young, sources that are co-
moving with the already known YSO candidates associated
with L1172/1174. For this, we obtained proper motions and
distances of sources that are located within a region of 1◦×1◦
centered around HD 200775 from the Gaia DR2 and Bailer-
Jones et al. (2018) catalogues, respectively. For the reason
that the majority of the known YSO candidates are dis-
tributed within a region of 1◦ × 1◦ centered around HD
200775, we conducted our search for the comoving objects
also within the same area. As in the case of the YSO can-
didates, here again we selected only those sources for which
m/σm> 3. Considering that a majority of the previously
known YSO candidates are found within 5 × MAD with re-
spect to the median values of the distance and the proper
MNRAS 000, 1–23 (2020)
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Figure 2. LHS: R-band polarization vectors (cyan lines), obtained from our observations, overplotted on Herschel colour-composite
diagram with 250, 350 and 500 µm images. Broken line in pink represents the galactic plane. Locations of the known YSO candidates
(yellow circles) around the central star HD 200775 (red star) are also shown. A polarization vector corresponding to 5% is shown for
reference. RHS: Enlarged view of the 1◦×1◦ region around HD 200775. Symbols represent the same as LHS.
motions, the same criteria are used to select the comoving
sources also. That is, all sources falling within the range of
5 ×MAD with respect to the median values of the distance
and the proper motions are regarded as comoving sources
and included for further analysis.
The selected sources are shown on the proper motion −
distance plot presented in Fig. 4 and results are tabulated
in Table 4. The distance-µα? and distance- µδ values of the
known YSO candidates are shown using filled triangles and
filled circles in red, respectively. The same for the comoving
sources are presented using filled triangles and filled circles in
green, respectively. The ellipses drawn in grey in Fig. 4 rep-
resent the constraint of 5 ×MAD drawn at the median values
of µα?, µδ and distances of the known YSO candidates. Here
again, the distance-µα? and distance-µδ values of HD 200775
are marked. We found a total of 20 additional sources that
are located within the grey ellipses. The distance-µα? and
distance-µδ values of these 20 additional sources are shown
using filled triangles and filled circles in green respectively in
Fig. 4. In Fig. 5 we show the µα? and µδ values of the known
YSO candidates and the 20 additional sources using filled
triangles in red and green respectively. HD 200775 is indi-
cated by an orange star symbol. The grey ellipse indicates
the range of 5 ×MAD in µα? and µδ about the median values
obtained for the known YSO candidates. The kinematic as-
sociation of the newly found 20 sources with the known YSO
candidates is clearly evident in Fig. 4 and Fig. 5. The proper
motion values of other sources (open circles) in the field are
found to be very different. The positions of the known YSO
candidates and the 20 additional sources that are comov-
ing are identified on the Herschel SPIRE 250 µm image as
shown in Fig. 6 using red and green circles, respectively. The
position of HD 200775 is shown using an orange star sym-
bol. The arrows in red, green and orange show the proper
motion directions of the known YSO candidates, newly iden-
tified comoving sources and HD 200775, respectively. Spatial
locations of the comoving sources are very similar to those
of the known YSO candidates. The distance and the proper
motion values of the comoving sources are listed in Table 4.
The RUWE value for the comoving sources are also shown
in Table 4. Of the 20 comoving sources, only one source
(c12) show RUWE of 1.5 which is marginally greater than
the value of 1.4 considered as criterion for good solutions.
To investigate whether the sources with similar proper
motions as that of the known YSO candidates from a given
1◦ square area are a chance projection of field stars or are re-
ally the comoving sources associated with the region, we se-
lected 1◦square area from three reference fields lying towards
the direction of the southern (tail) part of L1172/1174 hav-
ing similar declination but differing in right ascension (field
1: 318.79282◦, 67.174828◦; field 2: 316. 21048◦, 67.206136◦;
field 3: 313.56081◦, 67.197843◦). Here also, we selected only
those sources that are with m/σm >3. We found only one
source (in field 1), HD 202461 (distance = 3093−2 pc, µα? =
7.317±0.060 mas/yr and µδ = -1.724±0.050 mas/yr), which
satisfies the above constraints (marked with a square box
in the ellipses). Information pertaining to this source is not
available in the literature. Thus, on an average, we expect
at most one source in a given 1◦square area in the direc-
tion close to L1172/1174 that could be a chance projection
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Figure 3. (a) Polarization (%) vs. distance plot for the stars
projected towards the direction of L1172/1174 (filled triangles in
grey). The filled circles in black are the sources for which the
P% is obtained from the Heiles (2000) catalogue. (b) Polariza-
tion position angle vs. distance plot for the stars projected in the
periphery of L1172/1174. The symbols are same as above.
of field stars having proper motions and distances similar
to those of the known YSO candidates. This confirms the
presence of an over-density of stars within 1 square degree
around HD 200775.
3.3 Properties of the sources identified around
HD 200775
3.3.1 X-ray properties
The field containing HD 200775 was observed by the XMM-
Newton telescope to investigate X-ray properties of early
type stars (Naze´ et al. 2014). We searched for additional
X-ray sources in the region around HD 200775 in the XMM-
SSC, 2018 catalogue (Rosen et al. 2016). Within the FOV
of the XMM-Newton, we found a total of 35 X-ray emitting
sources. The maximum likelihood parameter is set at > 15
(which gives the maximum likelihood of the source detec-
tion, Lo´pez-Santiago & Caballero 2008), and the detection
quality flag set at 0 or 1. The exposure time of the observa-
tions was 11.9 ks. Out of 35, 19 sources are found to have
Figure 4. Proper motion vs. distance plot for the known YSO
candidates (triangles and circles in red) and for the 20 newly
identified comoving sources (triangles and circles in green). The
triangles (red and green) and circles (red and green) represent the
distance-µα? and distance-µδ values of the known YSO candidates
and comoving sources respectively. Locations of HD 200775 are
identified by square boxes. The grey ellipses represent the bound-
ary of the proper motion values and the distance ranges used to
identify the new comoving sources. The dashed lines show the
median values of distance, µα? and µδ.
Figure 5. µδ vs. µα? plot for the known YSO candidates and for
the comoving sources. Red triangles represent proper motion val-
ues of known YSO candidates and green triangles represent that
of the comoving sources. The grey ellipse represents the bound-
ary of the proper motion values considered to select the comov-
ing sources. The orange star symbol indicates the location of HD
200775. The open circles represent sources not satisfying the 5
× MAD conditions in distance and proper motion values. The
dashed lines show the median values of µα? and µδ.
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Figure 6. Proper motion plot for the YSO candidates (red ar-
rows) associated with L1174 overplotted on the Herschel SPIRE
250 µm image. The green arrows represent the same for the newly
identified comoving sources. HD 200775 is indicated by a star
symbol and an arrow in orange. The blue solid line represents the
galactic plane.
the ratio of the flux in 0.2-12 keV and the corresponding
error > 3. Of these, 10 known YSO candidates (including
HD 200775) and 4 newly identified comoving sources are
found to spatially coincide within 5′′ from the positions of
the X-ray detection. Based on the study conducted by Get-
man et al. (2011) on the Carina Nebula using the Chandra
telescope and scaling for the survey coverage, approximately
∼ 10 − 20 foreground and background and 30 extragalactic
sources could be detected within the FOV of XMM-Newton.
The foreground and background stars may have detection
in WISE, but extragalactic sources may not have a WISE
counterpart, because they are below its sensitivity limit. Out
of 10 known YSO candidates, 8 of them have WISE counter-
parts. All the 4 newly identified comoving sources emitting
in X-ray, have WISE counterparts.
The XMM-SSC catalogue provides hardness ratios,
HR1 and HR2 also. These are X-ray colours defined as (H-
S)/(H+S) where H and S for HR1 are flux values in the
band 0.5-1.0 keV and 0.2-0.5 keV respectively. For HR2, the
H and S are flux values in the bands 1.0-2.0 keV and 0.5-1.0
keV respectively. Fig. 7 shows the HR2 vs HR1 plot for our
YSO candidates (filled circles in green and black), 4 newly
identified comoving sources (filled circles in cyan) and HD
200775 (star symbol in green). We obtained XMM-Newton
data for the CTTS and WTTS taken from Wahhaj et al.
(2010) which are shown using red and blue filled dots re-
spectively. Herbig AeBe (HAeBe) sources taken from The
et al. (1994) catalogue are shown using dots in green. As
mentioned already, some of the X-ray detection found in
the vicinity of HD 200775 could be background galaxies. To
differentiate the background galaxies from the PMS stars
based on their hardness ratios, we obtained XMM-Newton
data around a 5′′ search radius of the galaxy samples of Bar-
cons et al. (2007). This includes broad line active galactic
nuclei, narrow emission line galaxies, absorption line galax-
Figure 7. Hardness ratio plot for the X-ray sources detected
by the XMM-Newton telescope in the vicinity of HD 200775.
Known YSO candidates (with and without reliable Gaia data)
and the newly identified comoving sources are identified. The co-
moving sources which are observed by us spectroscopically are
marked. The hardness ratios of CTTS (red dots), WTTS (blue
dots), HAeBe (green dots) and galaxies (orange dots) are also
shown.
ies, BL Lacertae. These sources are shown using orange dots
in Fig. 7.
The HAeBe, CTTS and WTTS (The et al. 1994; Wah-
haj et al. 2010) are found to occupy a distinct region in Fig.
7. However, the distribution of the galaxy sample is notice-
ably different from that of the HAeBe, CTTS and WTTS.
The HR1 colours of CTTS range between 0.5 - 1.0, while
for WTTS, it is mostly close to ∼ 0.6. The HR2 colours for
CTTS show large range (0.5 to -0.5), while WTTS predom-
inantly show HR2 . 0.5. The known YSO candidates and
the comoving sources found associated with the X-ray detec-
tion are distributed in a similar manner as that of HAeBe,
CTTS and WTTS. Here our aim is not to characterize their
X-ray properties but to show that X-ray sources found in the
vicinity of HD 200775 show X-ray colours similar to those
of CTTS and WTTS. Of the 5 X-ray detections that are
not associated with any of the known YSO candidates or
the comoving sources, 2 of them, namely, #x1 and #x5 (the
identification numbers are as given in Table 5) do not have
2MASS, Spitzer and WISE counterparts within 5′′ search
radius. The location of #x1 at (-1.0, 1.0) is conspicuously
different from the rest of the sources in Fig. 7 while the
source #x5, located at (1.0, 0.8), could possibly be an ex-
tragalactic source due to the lack of WISE detection. Among
the 3 sources with WISE counterparts, #x2 which is located
at (0.63, 0.43) in Fig. 7 shows hardness ratios consistent with
those of the extragalactic sources. The sources #x3 and #x4,
based on the Gaia DR2 distances, are foreground sources
and hence not shown in the figure. Two Gaia counterparts
are found within our search radius of 5′′for #x3. The high
proper motions (µα?= -2.492 mas/yr and -4.615 mas/yr and
µδ= -34.948 mas/yr and -34.931 mas/yr) confirm that they
are foreground. #x4 with µα?= 8.628 mas/yr and µδ= 5.798
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mas/yr, confirms that this source is kinematically not asso-
ciated with the region. Therefore we did not consider any
of the X-ray sources other than those associated with the
known YSO candidates and the comoving sources in further
analysis.
3.3.2 Spectroscopy of four comoving sources
Of the 20 newly identified comoving sources, we obtained
spectroscopic observations for four of them during our re-
cent observing run. The objective was, as a first step, to
look for emission lines in them. Spectral types of the four
sources were determined by comparing the features in the
spectrum of our sources with those in the templates of main
sequence stars from the stellar library provided by Jacoby
et al. (1984). Before performing the comparison, we normal-
ized the spectra of our sources and took the templates to a
common resolution. The uncertainty in our spectral classi-
fication is found to be of two spectral subclasses. The stars
#c8 and #c18 (star identification numbers are as given in
Table 4) are found to be of M1 spectral type while #c14 is
found to be of M3 spectral type. The observed spectra of star
#c8, #c14 and #c18 are shown in Fig. 8. All the three are
found to be X-ray emitters. We detected Hα in emission in all
three of them. We used the SPLOT task in the IRAF to ob-
tain EW(Hα) of our observed sources. The EW(Hα) of #c8
and #c18 are found to be -15.03±1.52 A˚ and -13.01±1.30
A˚, respectively. According to Barrado y Navascue´s & Mart´ın
(2003), these two sources can be classified as CTTS. How-
ever, it is surprising that these sources were not detected in
any of the earlier surveys for Hα emission stars. Variability
of Hα emission in #c8 and #c18 could be a plausible rea-
son. The EW(Hα) of #c14 is found to be -4.06±0.41 A˚ which
could possibly be a WTTS as mentioned in Barrado y Navas-
cue´s & Mart´ın (2003). The fourth star, #c9, is having Hα
in filled-in emission. This star is found to be of a K2 spec-
tral type. To reveal its Hα emission, we have subtracted the
spectrum of a main sequence K2 spectrum (red) from that
of the source #c9 (black) as shown in Fig. 9. The resultant
spectrum is shown in green. The EW(Hα) obtained from the
resultant spectrum is found to be -0.69±0.08 A˚.
3.3.3 NIR and Mid-IR properties
To understand the nature of the newly identified comov-
ing sources based on their near and mid-infrared colours, we
obtained their 2MASS and Spitzer magnitudes. The 2MASS
magnitudes are obtained from Cutri et al. (2003). Sources
having photometric quality ‘A’ (SNR>10) in J, H and KS
are selected. Out of 20 comoving sources, we found a 2MASS
counterpart for 19 of them. Of the 20 known YSO candi-
dates having reliable Gaia DR2 data (Table 3), we found a
2MASS counterpart for 17 of them. We used a search radius
of 1′′ for getting the 2MASS counterparts. The comoving
sources and the known YSO candidates are shown in the
(J-H ) vs. (H-KS ) colour-colour (CC) diagrams in Fig. 10
using filled circles in cyan and green, respectively and listed
in Table 6. Also shown are the positions of Class I, II and
III (red, maroon and blue dots, respectively) sources taken
from Rebull et al. (2010) for comparison. The four sources
for which we made optical spectroscopic observations (dis-
cussed in section 3.3.2) are identified and labeled. Of the
Figure 8. Spectra of 3 of the 4 newly identified comoving sources
found around HD 200775. The source identification numbers are
also given. Wavelengths corresponding to Hα lines are marked
with dashed vertical lines.
Figure 9. Spectrum of the comoving source #c9 (black) over-
plotted with a K2 spectral type spectrum (red) from Jacoby et al.
(1984). The subtracted spectrum (#c9-K2) shown in green reveals
the filled-in emission in the observed spectrum of #c9.
remaining 38 known YSO candidates lacking reliable data
or detection by the Gaia, we obtained the 2MASS magni-
tudes for 28 sources. The results are presented in Table 7 and
shown in Fig. 10 using filled circles in black. The known YSO
candidates and the newly identified comoving sources that
are spatially associated with the X-ray detection made by
the XMM-Newton satellite are identified using open square
symbols in magenta.
The distribution of the known YSO candidates in the
(J-H ) vs. (H-KS ) CC diagram as shown in Fig. 10 is found to
be similar to that of the Class I and Class II (red and maroon
dots, respectively) sources taken from Rebull et al. (2010).
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Figure 10. The (J-H ) vs. (H-KS ) CC diagram for the newly
identified comoving sources shown using filled cyan circles. The
known YSO candidates having reliable Gaia data (green circle)
and those without reliable Gaia data or no detection (black cir-
cle) are also shown. The solid curves in green represent the locii
of the unreddened main sequence stars and the giants. The Class
I, II and III sources taken from Rebull et al. (2010) are shown
in red, maroon and blue dots, respectively. The known YSO can-
didates and the comoving sources spatially found to be associ-
ated with the XMM-Newton X-ray detection are identified using
square boxes in magenta. The 4 sources observed by us spectro-
scopically are identified and marked.
A few of these known YSO candidates show relatively high
amount of extinction. In contrast, the majority of the newly
identified comoving sources are distributed to the left and
lying below the known YSO candidates identified around
HD 200775. This suggests that the comoving sources suffer
relatively less extinction and exhibit small amount of near-
IR excess emission compared to the known YSO candidates.
A notable number of them fall in a space between the re-
gion occupied by the Class II and Class III (maroon and
blue dots, respectively) sources (Rebull et al. 2010) which
indicates that a significant number of them may have some
amount of circumstellar material.
The Spitzer IRAC (3.6, 4.5, 5.8 and 8.0 µm) flux val-
ues given in Kirk et al. (2009) for the known YSO candi-
dates are converted to their respective magnitudes and are
shown in the [3.6]-[4.5] vs. [5.8]-[8.0] CC diagram in Fig. 11
using filled circles in green (with reliable Gaia DR2 data)
and black (without reliable Gaia DR2 data). Of the 20 YSO
candidates with reliable Gaia DR2 data, we obtained Spitzer
IRAC magnitudes for 15 sources. Of the remaining 38 YSO
candidates, 28 are associated with reliable Spitzer IRAC
magnitudes. Since the IRAC magnitudes for the comoving
sources are not available in the literature, we obtained their
magnitudes by performing photometry using MOPEX. Nine
comoving sources are found to lie outside the Spitzer FOV.
Four comoving sources do not have reliable photometric flux
in 8.0 µm band. None of the comoving sources show emission
in MIPS 24 µm. Therefore we show only IRAC magnitudes
in Table 6. The remaining seven sources for which we have
Figure 11. The Spitzer CC diagram for the newly identified co-
moving sources shown using filled cyan circles. The known YSO
candidates having reliable Gaia data (green circle) and those
without reliable Gaia data or no detection by the Gaia (black
circle) are also shown. The Class I, II and III sources taken
from Rebull et al. (2010) are shown in red, maroon and blue
dots, respectively. The known YSO candidates and the comoving
sources spatially found to be associated with the XMM-Newton
X-ray detection are marked using square boxes in magenta. The
2 sources which are spectroscopically observed by us and have
Spitzer colours are marked. The boundaries within which Class I,
II and III sources generally occupy Fang et al. (2009); Choudhury
et al. (2010) are also shown.
reliable data are shown in Fig. 11 using filled circles in cyan.
We show the boundaries of Class I, II and III sources adopted
from Fang et al. (2009); Choudhury et al. (2010) in Fig. 11.
The three new comoving sources are found to occupy the
region generally occupied by the Class III sources.
The WISE magnitudes for the sources are also obtained
from the Cutri & et al. (2014) catalogue by making a search
around each of them with a search radius of 3′′. The sources
having photometric quality ‘A’ (SNR>10) in W1, W2 and
W3 bands are selected as for a majority of the sources, the
magnitudes given in the W4 band are only upper limits.
We confirmed the detection of the sources in each bands
by making visual inspection of the WISE images in all the
bands. We noticed that for a notable number of sources,
though the catalogue provides magnitude values in 11.6 and
22.1 µm bands, on visual inspection, no detection was found
on the images. The search results are shown in the [3.4]−[4.6]
vs. [4.6]−[11.6] CC diagram (Fig. 12). The meaning of the
symbols are same as in Fig. 11. Of the 20 comoving sources,
we found a counterpart for 7 in the WISE database. Among
these, one source is common with those shown in Fig. 11. Six
additional sources, including #c18, are found in the WISE
database. Of 20 YSO candidates with reliable Gaia DR2
data, we obtained WISE magnitudes for 11 sources. Both,
the known YSO candidates having reliable Gaia DR2 data
and the comoving sources are presented in Table 6. Of the
remaining known YSO candidates having no reliable data
or the Gaia detection, we obtained WISE magnitudes for
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Figure 12. The WISE CC diagram for the newly identified co-
moving sources shown using filled cyan circles. The known YSO
candidates detected (green circle) and not detected (black circle)
by the Gaia are shown using filled circles in green black filled cir-
cles. The Class I, II and III sources taken from Rebull et al. (2010)
are shown in red, maroon and blue dots respectively. The known
YSO candidates and the comoving sources spatially found to be
associated with the XMM-Newton X-ray detection are marked
using square boxes in magenta. The 4 sources observed by us
spectroscopically are marked. The dashed lines are the criteria
used by Koenig & Leisawitz (2014) to separate the regions occu-
pied by the Class I and Class II sources.
10 sources which are presented in Table 7. In both Fig. 11
and Fig. 12 we again show Class I, II and III (red, maroon
and blue dots, respectively) sources taken from Rebull et al.
(2010) for comparison.
The difference in the distribution of the known YSO
candidates and the comoving sources is more prominent in
Fig. 11 and in Fig. 12. It is evident that the known YSO
candidates fall in a region generally occupied by Class I
and Class II objects. The sources showing spatial association
with the X-ray detection are marked with square boxes in
magenta. A number of the newly identified comoving sources
fall in a region populated by the Class III sources. The co-
moving source #c18 is located in a region occupied by the
Class II sources in WISE CC diagram. This is the source
which shows second highest EW(Hα). The source #c9 which
shows a filled-in emission in Hα is located in the Class I/II
region and the source #c14 which shows smallest EW(Hα),
occupies Class III region in Spitzer CC diagram. The source
#c8, which shows highest EW(Hα), is not shown in both Fig.
11 and Fig. 12 because of its non-detection by the Spitzer
IRAC and the WISE.
Owing to the lack of reliable photometry in all the
bands, we were unable to classify a significant number of
comoving sources into various classes based on the CC dia-
grams. Thus we made an attempt to classify them by calcu-
lating their spectral index values. The spectral index, α, is
defined as, α =
dlogλFλ
dlogλ ; where Fλ denotes the flux density at
wavelength λ. We calculated the index by a least-squares fit
to all the available data from 2MASS Ks (2.2 µm) to WISE
22 µm/MIPS 24 µm. Greene et al. (1994) proposed the fol-
lowing criteria to classify sources into different evolutionary
classes: Class I: α ≥ 0.3, Flat Spectrum: 0.3 > α ≥ -0.3, Class
II: -0.3 > α ≥ -1.6, and Class III: α ≤ -1.6. A decrease in
the value of α implies that the amount of the circumstellar
material around the sources decreases as they evolve. The
SEDs and the spectral index values of the “flat” spectrum
sources are intermediate between those of deeply embedded
“Class I” and those of more evolved Class II YSOs. We ob-
tained spectral index values of the known YSO candidates
from Kirk et al. (2009) shown in Table 6 and 7. For five YSO
candidates that are not listed in the catalogue by Kirk et al.
(2009), we calculated their α values from the available pho-
tometric data in various bands. Thus, based on the α values,
of the 58 YSO candidates, 7 are classified as Class I, 4 as flat
spectrum sources, 35 as Class II and 6 as Class III sources.
Of the 20 comoving sources, 4 are classified as Class II and
12 as Class III sources. Remaining 6 YSO candidates and 4
comoving sources are unclassified due to the lack of reliable
photomeric data.
3.3.4 Optical and near-IR colour-magnitude diagrams
Using G and GRP magnitudes of 20 YSO candidates and
20 comoving sources from the Gaia DR2, we constructed
MG vs. (G-GRP) colour-magnitude diagram (CMD). We con-
verted the G magnitudes into absolute magnitudes using the
expression MG = G + 5 - 5 log(d), where d is the distance
taken from Bailer-Jones et al. (2018). Out of 20 YSO can-
didates for which we have reliable distances from the Gaia
DR2 (Table 3), extinction values for 11 sources are avail-
able in Kun et al. (2009). Based on our spectral type de-
termination, only 4 of the 20 comoving sources have extinc-
tion values. As the individual extinction values for most of
the sources are unknown, we constructed MG vs. (G-GRP)
CMD without correcting for the extinction. We did not use
extinction values provided by the Gaia DR2 catalogue as
these values are not accurate at the individual star level
(Andrae et al. 2018). The effective temperatures and extinc-
tions listed in Gaia DR2 are based on a naked stellar model
where the contribution from the dust in the star forming
region and/or the protoplanetary disc are ignored.
In Fig. 13 (a) we show the MG vs. (G-GRP) CMD for the
known YSO candidates (filled circles in green) and the newly
identified comoving sources (filled circles in cyan) found in
the vicinity of HD 200775. The known YSO candidates and
the comoving sources that are showing X-ray emission are
also marked using magenta square boxes. Also shown are
HAeBe (The et al. 1994), CTTS and WTTS (Wahhaj et al.
2010) using dots in green, red and blue, respectively. A red-
dening vector corresponding to a median extinction of 1.6
magnitude estimated by Kun et al. (2009) for NGC 7023 is
shown in Fig. 13 (a) and (b). The reddening vector is com-
puted based on Bossini et al. (2019). The PMS isochrones
corresponding to 0.1 Myr, 0.5 Myr, 1 Myr and 10 Myr
are also shown. We used two grids of models, the CIFIST
2011 20152 models for low mass stars (thick curves in black,
2 phoenix.ens-lyon.fr/Grids/BT-Settl/CIFIST2011_2015/
ISOCHRONES/
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Figure 13. (a) The MG vs. (G-GRP) colour-magnitude plot of the
YSO candidates and the comoving sources in the vicinity of HD
200775. The dashed lines indicate the isochrones from PARSEC
models (Marigo et al. 2017) and solid curves represent the same
from CIFIST models (Baraffe et al. 2015). Green circles: known
YSO candidates, cyan circles: newly identified comoving sources,
magenta square boxes: X-ray sources. The comoving sources ob-
served spectroscopically are marked. The arrow represents ex-
tinction of 1.6 magnitude (the average extinction toward NGC
7023 estimated by Kun et al. 2009). (b) Same as above but the
sources are shown according to their classifications. Red square
boxes: Class I, orange square boxes: Flat spectrum, cyan square
boxes: Class II and blue square boxes: Class III sources.
Baraffe et al. 2015), and the PADOVA tracks Parsec 3.33
for the higher-mass stars (dashed curves in black, Marigo
et al. 2017). Also shown are the positions of HAeBe, CTTS
and WTTS sources taken from The et al. (1994) and Wright
et al. (2010). The four comoving sources for which we have
carried out optical spectroscopy are identified and labeled.
In Fig. 13 (a), a number of known YSO candidates and
comoving sources are lying on or above the 1 Myr isochrone.
HD 200775 is found to be of ∼ 0.5 Myr old which is consis-
tent with the previous studies (Alecian et al. 2008; Vioque
et al. 2018; Arun et al. 2019). In Fig. 13 (b) we show MG
3 stev.oapd.inaf.it/cmd
Figure 14. (a) MH vs. (H−KS ) colour-magnitude plot for sources
identified in the vicinity of HD 200775. The PMS isochrones cor-
responding to 1 Myr (red curve) and 10 Myr (green curve) taken
from CIFIST models are drawn. Cyan filled circles: newly identi-
fied comoving sources, green filled circles: known YSO candidates
having reliable Gaia DR2 detection, black filled circles: known
YSO candidates without reliable or no Gaia DR2 detection, green
dots: HAeBe, red dots: CTTS, blue dots: WTTS, green star:
HD 200775, magenta square boxes: X-ray sources. The comov-
ing sources observed spectroscopically are marked. (b) Same as
above but sources are shown according to their classifications. Red
square boxes: Class I, orange square boxes: Flat spectrum, cyan
square boxes: Class II and blue square boxes: Class III sources.
vs. (G-GRP) CMD of the sources that are classified as Class
I, II, III and flat spectrum sources in red, orange, cyan and
blue filled circles respectively. Also shown are the locations
of Class I, II, III and the flat spectrum sources taken from
Rebull et al. (2010), using filled square boxes in red, orange,
cyan and blue colors respectively. These are the identified
members of the Taurus molecular cloud whose average age
is estimated to be ∼ 1 Myr (Gomez et al. 1992). A total of
187 out of 257 sources have a Gaia DR2 counterpart found
within a search radius of 3′′. MG values of these sources are
corrected for their distances obtained from the Gaia DR2.
All but two sources identified in the vicinity of HD 200775
show a well defined sequence roughly following the 1 Myr
isochrone which is consistent with the median age of the
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YSO candidates (∼1.6 Myr) obtained by Kun et al. (2009).
The distribution is found to be similar to the sources found
in the Taurus molecular cloud. As the extinction vector is
parallel to the isochrones for the sources having MG . 8
magnitude, the extinction will not affect their distribution.
However, for sources having MG & 8 magnitude, the effect of
extinction can cause erroneous age estimates of the sources
as can be noticed in Fig. 13 (b). The source falling below
the 10 Myr isochrone is classified by us as a Class I source.
This is the only Class I source that shows reliable data in
Gaia DR2. This source, #15 (Table 3), is identified by Kun
et al. (2009) as NGC 7023 RS 10 and they classified it as a
variable source. They also found this source to be peculiar
as it was showing an age older than 108 year. This source
is at a distance of 3234−5 pc and the proper motion values
(7.174±0.079 mas/yr in RA and -1.738±0.075 mas/yr in Dec)
are quite consistent with those of other known YSO candi-
dates. As suggested by Kun et al. (2009), this source could
be highly variable.
In Fig. 14 (a) and (b) we show MH vs. (H−KS ) CMD for
the sources seen in the vicinity of HD 200775. Considering
that a significant number of known YSO candidates and the
comoving sources have 2MASS data, it is possible to com-
pare the properties of the comoving and the known YSO can-
didates including those having no reliable or no Gaia DR2
data. The symbols are identical as in Fig. 13 (a) and (b) re-
spectively except that the known YSO candidates without
reliable or no Gaia DR2 data are shown using filled circles in
black. The known YSO candidates and the comoving sources
found associated with the X-ray sources are also marked us-
ing magenta square boxes. The PMS isochrones correspond-
ing to 1 Myr and 10 Myr taken from the CIFIST models
are drawn as red and green curves respectively. A redden-
ing vector corresponding to AV=1.6 magnitude is drawn. In
Fig. 14 (a) we also show the HAeBe (The et al. 1994), CTTS
and WTTS (Wahhaj et al. 2010) using squares in green, red
and blue, respectively. Evidently, the known YSOs having
no reliable or no Gaia DR2 data are relatively fainter and
show higher values of (H−KS ) colors. The faintness of these
sources could be because of the extinction suffered by them
due to the presence of both interstellar and circumstellar
material along the line of sight.
In Fig. 14 (b) we show the sources classified based on
their spectral index values. As in Fig. 13 (b), here also we
show the Class I, II, III and Flat spectrum sources obtained
from Rebull et al. (2010). These sources, associated with the
Taurus molecular clouds, show a sequence with the Class I
sources lying relatively far away from the 1 Myr isochrone
and the Class III sources lying closer to it. The flat spectrum
and the Class II sources are found to occupy a region be-
tween Class I and Class III sources. Except for the 4 sources
that are classified as Class II but showing relatively large
(H − KS ) colours, other sources classified as Class I, II, III
and Flat spectrum sources in the vicinity of HD 200775 are
also found to follow the sequence shown by the YSOs in the
Taurus molecular cloud. Of the 55 sources for which we made
the classification, we found 3 Class I (5%), 34 Class II (62%),
1 flat spectrum (2%) and 17 Class III (31%) sources towards
HD 200775. Based on the classification made by Rebull et al.
(2010) for the sources associated with the Taurus molecular
cloud, there are 14 Class I (6%), 122 Class II (53%), 20 flat
spectrum (8%) and 76 Class III (33%) sources. These are
Figure 15. The 3D distribution of the known YSO candidates
(filled circles in green) and the comoving (filled circles in cyan)
sources having Gaia DR2 distances. Their respective projections
on the X, Y and Z planes are shown using plus and square sym-
bols in black (X positive towards the Galactic center, Y positive
towards the Galactic east and Z positive towards the Galactic
north. HD 200775 is identified using a star symbol in red. Its
projection in all the three planes is shown using a star in orange.
the 232 sources out of 257, for which we obtained 2MASS
counterparts within 3” search radius (following the strategy
used by Rebull et al. (2010) to get the 2MASS counterparts)
and photometric quality of ‘A’ in all the bands. Based on the
statistics of the sources found in different categories, it is ap-
parent that the nature of the sources found in the vicinity
of HD 200775 and those in the Taurus molecular cloud are
very much similar.
3.3.5 Spatial distribution of the sources with respect to
HD 200775
Now that the distances to a number of sources towards the
direction of HD 200775 are known, we constructed a 3-D
distribution of the known YSO candidates and the comov-
ing sources in cartesian coordinate system as shown in Fig.
15. The known YSO candidates and the comoving sources
are shown using filled circles in green and cyan, respectively.
The projection of the distribution on the X-Y, Y-Z and X-
Z planes are also shown (plus sign for the comoving and
square boxes for the known YSO candidates). The X-, Y-
and Z-positives are towards the Galactic center, the Galac-
tic east and the Galactic north respectively. The location of
HD 200775 is shown using a star symbol. We find a signifi-
cant (∼ 2σ) shift in the distance of HD 200775 with respect
to the distances of other known YSO candidates. Assuming
a distance of 335 pc to all the sources (both with and with-
out Gaia DR2 data) found in the vicinity of HD 200775, we
calculated the projected separation (in parsec) of them with
reference to the position of HD 200775. The 2D distribution
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of 58 sources (both known YSO candidates and comoving
sources having good quality data from 2MASS) thus ob-
tained is shown in Fig. 16. The distribution shows that the
maximum projected extent of the sources on the sky plane
is ∼ 6 pc in diameter. If we assume a similar depth along
the line of sight direction also, then HD 200775 will lie out-
side the cloud. This is inconsistent with the fact that the
nebulosity, NGC 7023, is illuminated by HD 200775.
The Gaia DR2 distance of 3576−7 pc to HD 200775,
though is found to be consistent with the 430160−90 pc esti-
mated using the Hipparcos parallax measurements (van den
Ancker et al. 1998), the value is found to be significantly dif-
ferent from the recomputed distance of 520180−110 pc made by
van Leeuwen (2007). HD 200775 is a triple system composed
of a double-lined spectroscopic binary at ∼ 18 mas separa-
tion (Millan-Gabet et al. 2001) and a third companion at
6′′ separation (Li et al. 1994). Based on the radial veloc-
ity measurements and the astrometric data, Benisty et al.
(2013) estimated a dynamical distance of 320±51 pc. We
note that binarity was not worked into the astrometric so-
lution for the Gaia DR2. The astrometric excess noise (i;
Lindegren et al. 2012) which measures the disagreement be-
tween the observations of a source and the best-fitting stan-
dard astrometric model is found to be 0.185 milli-arcsec for
HD 200775. A positive value of i signifies that the residuals
are statistically larger than expected. The significance of i
depends on the value of a dimensionless parameter, D (“as-
trometric excess noise sig”; Lindegren et al. 2012)4, which
if is greater than 2, implies that i is significant. The value
of D for HD 200775 is 12.3 suggesting that there is a dis-
agreement between the observations and the standard astro-
metric model. In addition, the RUWE value of HD 200775
is 1.6, indicating that the astrometric solution is not well-
behaved. Presence of unresolved binaries is believed to be
one of the reasons for such deviations (Gaia Collaboration
et al. 2018a). Therefore the present Gaia DR2 parallax mea-
surement of HD 200775 is possibly inaccurate.
In Fig. 16 (a), along the vertical axis we show the (H-
KS ) colour of the sources considering it to be a proxy for
the amount of circumstellar material present around each
source. The objects identified as X-ray sources are marked
with square boxes in magenta. Evidently, the comoving
sources show the lowest of the (H-KS ) colour and are spa-
tially well correlated with the known YSO candidates. A
majority of the sources (44 or 75%) are distributed within
∼ 1 pc distance from HD 200775, 8 (∼ 13%) are distributed
between 1 and 2 pc and only 7 (∼ 12%) are located beyond
2 pc. Both the known YSO candidates and the comoving
sources are among the sources distributed within 1 pc from
HD 200775. The distribution of the sources presented in Fig.
16 shows an enhancement in the vicinity of HD 200775 but,
instead of a high density clustering, we detect a loose associa-
tion. Dynamical dissipation was suggested as one of the pos-
sible reasons for the lack of clustering in HD 200775 (Fuente
et al. 2001). The distribution of the proper motions of the
young stars associated with a region can yield the velocity
dispersion provided the distance is well known. Using the
distance of 335 pc and the dispersion in the proper motion
4 https://gea.esac.esa.int/archive/documentation/GDR2/
Gaia_archive/chap_datamodel/
Figure 16. (a) The 2D spatial distribution of the known YSO
candidates (filled circles in green: sources having reliable Gaia
data, filled circles in black: sources without Gaia data) and the
newly identified comoving sources (filled circles in cyan) with re-
spect to the star HD 200775. Their (H-KS ) values are shown in
the vertical axis. Sources having X-ray emission are marked with
magenta square boxes. The sources observed by us using HFOSC
are also marked. (b) Histogram of the distribution of the known
YSO candidates and the newly identified comoving sources with
respect to the star HD 200775.
values in RA and Dec for the known YSO candidates and
the comoving sources combined, we calculated a velocity dis-
persion of ∼ 1 km s−1 for the sources found in the vicinity of
HD 200775. Given the velocity dispersion and an age of ∼ 1
Myr, the sources around HD 200775 could have moved by ∼1
pc from where they were born. If we assume that they were
all born very close to HD 200775, the distribution seen in
Fig. 16 is quite consistent. But in such a case, we expect the
distribution of the known YSO candidates and the comoving
sources around HD 200775 to be symmetrical.
In Fig. 17 (a) we show the distribution of 59 sources
(YSO candidates + comoving sources) that fall within the
Herschel dust column density map. The known YSO candi-
dates are identified using red square symboles. Of these, the
sources having no reliable Gaia DR2 data are identified with
red square + white dot. The comoving sources are shown
using circles in yellow. Both the known YSO candidates
and the comoving sources associated with the X-ray detec-
tion are identified using cross symbols. The contours shown
in thick lines represent the source distribution around HD
200775 (white star symbol). The distribution of the sources
is not symmetrical with respect to HD 200775. At immediate
surroundings of HD 200775, source distribution is concen-
trated more towards the north and as we move further out,
sources are sparsely distributed more in the east-west direc-
tion. Testi et al. (1999) found a correlation between the spec-
tral type of HAeBe stars and the stellar density surrounding
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Figure 17. (a) The spatial distribution of the YSO candidates and the comoving sources overplotted on the Herschel column density
map of the region surrounding HD 200775. The position of HD 200775 is identified using a white star symbol. Peak emission regions are
shown in black ‘+’ symbols. Red square: known YSO candidates; Red square + white dot: known YSO candidates with reliable Gaia DR2
data; Yellow filled circle: comoving sources identified in this work; Yellow filled circle + open circle in white: comoving sources observed
by us spectroscopically; Yellow cross: X-ray detection by the XMM-Newton satellite. Black Plus: Column density peaks. The contours
shown in thick lines represent the source distribution around HD 200775. (b) Represents the same as (a) but with the classifications
of the sources. Red square box: Class I, Orange filled circle: Flat spectrum, Yellow diamond: Class II, White filled triangle: Class III
sources.
them. However, HD 200775 was shown as an exception due
to the lack of clustering around it. Testi et al. (2001) dis-
cussed the results in connection with two competing models,
namely, physical (Bonnell et al. 1998) and random sampling
models (Elmegreen 1999) which are advocated to explain
the formation of high-mass stars. According to the physi-
cal models, the presence of clustering is a pre-requisite for
the formation of massive stars but on the other hand, they
are unrelated according to the random models. In fact, the
presence of a few of the massive stars (like HD 200775) not
surrounded by an enhanced stellar density was shown as a
support to the random models. Even with the identifica-
tion of 20 additional comoving sources in the vicinity of HD
200775, because these sources are more sparsely distributed
compared to the known YSO candidates, the stellar density
around HD 200775 is still very low and hence favours the
random sampling models.
HD 200775 is residing inside a biconical cavity, which is
believed to have been carved out in an earlier evolutionary
stage by a currently inactive bipolar outflow (Fuente et al.
1996). The outflow axis runs along the east-west direction.
Fuente et al. (1998a), based on the morphology of the parent
cloud, classified HAeBe stars into three groups. They clas-
sified HD 200775 as Type III which implies that the source
has completely dispersed the surrounding dense gas and is
currently located inside a cavity of molecular cloud. The ex-
pulsion of gas from the vicinity of OB stars could limits the
amount of molecular material available for the formation of
additional stars which could be a possible reason for the lack
of clustering around HD 200775. Using the CLUMPFIND
(Williams et al. 1994) task on the dust column density map
made using the Herschel images, we found a total of 11 peak
emission regions (P1 - P11) which are shown in Fig. 17. The
contours are plotted from 3.2×1021 to 1.1×1022 cm−2 in steps
of 1.3 × 1021 cm−2. While two peak emission regions are lo-
cated to the north and two to the south of HD 200775, the
rest of the peaks are distributed mostly along the east-west
direction. This roughly coincides with the orientation of the
biconical cavity (Fuente et al. 1996). The velocity-intensity
map of 13CO J=2-1 gas emission (Yuan et al. 2013) and
the dust emission (Fig. 17) surrounding HD 200775 show a
large intensity gradient along the sides facing HD 200775.
It is possible that the bipolar outflow and the stellar wind
from HD 200775 might have been responsible for shaping
the geometry of the material seen around it.
A significant number of the sources are found to be as-
sociated with the peaks towards P1, P3 and P4. Evidence
of current star formation is seen towards P1 (e.g., Rector
& Schweiker 2013). Using 12CO J=3-2 observations, Yuan
et al. (2013) detected a non-Gaussian line profile with the
peak skewed to the blue indicative of infall motions. Presence
of infall motions suggests that star formation is still active.
In Fig. 17 (b), we show the distribution of sources classified
as Class I, II, III and flat spectrum sources. Of the six sources
classified as Class I, five (squares in red) are located within
the mapped area. Among these, three sources are located
towards P1 and P4. Possibly, star formation in L1172/1174
complex might have begun roughly ∼ 1 Myr ago but the
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very young sources, particularly those of Class I type, which
are associated with the P1 and P4 peaks might have been
formed as a result of positive feedback from HD 200775. P1
is found to be associated with two Class I sources and a
number of outflows (Kirk et al. 2009; Rector & Schweiker
2013). A dynamical age of ∼7500 yr is estimated by Rector
& Schweiker (2013). This suggests that some of these young
sources might have been formed very recently. The presence
of infall motions in Core 1 (P1 in Fig. 17) and intensity gra-
dient to the south of Core 3 (P3 and P4 in Fig. 17) shown
by Yuan et al. (2013) supports this argument. Based on this
and the shock features observed at 4.5µm, they suggested
that star formation around HD 200775 could have been pos-
sibly triggered due to HD 200775. Star formation scenario
in the Cepheus region was presented by Kun et al. (2009).
However, to understand the history of star formation, it is
important to study the true nature of the rest of the co-
moving sources and study the dynamical state of the gas
surrounding HD200775.
4 CONCLUSIONS
The region surrounding the well-known reflection neb-
ula, NGC 7023, illuminated by a Herbig Be star, HD
200775, located in the dark cloud L1174 is known for low
to intermediate-mass star formation activity. Distance to
L1172/1174 complex of which L1174 is a part is not very
well constrained. In this work, using Gaia DR2 distances
and proper motion values, we determined distance to the
cloud using the known YSO candidates. We also used polar-
ization measurements of 545 stars that are projected on the
cloud to estimate the same. Then we searched for additional
comoving sources in the vicinity of HD 200775. The main
results from this study are summarized below:
• Based on the distances and proper motion values of 20
previously known YSO candidates associated with L1174
we obtained a distance of 335 ± 11 pc to the cloud. The
distance estimated for the entire cloud using the polarization
measurements of the foreground and background stars was
also found to be consistent with the ∼ 335 pc distance.
• With the knowledge of distance and proper motion val-
ues of the YSO candidates associated with the cloud, we
searched for additional comoving sources in the vicinity
(1◦ × 1◦ area) of HD 200775. We found a total of 20 sources
which are comoving with the known YSO candidates. Com-
pared to the known YSO candidates, the comoving sources
are found to show less IR excess. From their locations on
the CMDs (optical and near-IR) and by comparison with
the PMS isochrone models, they are found to be young (∼
1 Myr) sources.
• Based on the XMM-Newton data, we found 19 reliable
X-ray detection around HD200775. Of these, 10 are found
to be associated with the known YSO candidates and 4 with
the newly identified comoving sources.
• We made spectroscopic observations of 4 of the 20 co-
moving sources of which three are X-ray sources. We found
Hα in emission in 3 of the 4 sources.
• We classified the YSO candidates and the comoving
sources based on their spectral index values as Class I, II,
III and flat spectrum sources. A majority of the comoving
sources are classified as Class III. About 80% of the known
YSO candidates and the comoving sources are found to be
distributed within ∼ 1 pc distance from HD 200775.
• Spatial correlation of a number of Class I sources with
the density peaks of dust identified from the Herschel map
suggests that star formation is currently active in the vicin-
ity of HD 200775 and some of these young sources could
have been formed as a result of positive feedback from it.
A detailed study of all the identified sources, especially, the
20 newly identified comoving sources is required to estimate
their spectral type, extinction and luminosity to confirm
their true characteristics.
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Table 3. Distance and proper motion values of the known YSO candidates identified towards L1172/1174 from Gaia DR2.
# RA Dec Source Distance µα? (∆µα?) µδ (∆µδ) G (eG) RUWE Spectral Hα 2MASS S pitzer WIS E X − ray
(◦) (◦) ID (pc) (mas/yr) (mas/yr) (mag) Type EW(A˚)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
1 314.845315 68.245467 2270256357606156160 3395−5 7.333±0.087 -1.599±0.079 14.3789±0.0150 1.1 K1 -9.6 X X X -
2 315.084447 68.140772 2270240208529136128 34110−10 7.630±0.147 -1.182±0.158 17.0301±0.0309 1.1 - - X X X -
3 315.231481 68.190885 2270240723925216640 33312−13 7.205±0.184 -1.649±0.280 16.5545±0.0020 1.3 - - X X X -
4 315.359984 68.177338 2270245637367812352 3257−6 7.652±0.104 -1.416±0.121 14.8691±0.0049 1.2 M0IV -59.8 X X X X
5 315.362884 68.177214 2270245637367812608 36013−13 6.667±0.174 -0.865±0.189 16.3712±0.0266 1.5 M0 -63.9 X - - -
6∗ 315.399160 68.223752 2270246874315480960 27727−34 11.343±0.673 -3.039±0.706 17.7558±0.0107 3.3 - - X X X -
7 315.400352 68.139576 2270245259410695808 3326−6 6.971±0.106 -1.638±0.117 15.6235±0.0130 1.4 M0 -106.0 - X X -
8 315.403923 68.163263 2270245431209611776 3576−5 8.336±0.079 -1.566±0.083 7.1592±0.0010 1.6 - - X - - X
9 315.427117 68.215960 2270246148467658624 3238−9 7.530±0.148 -0.668±0.164 15.6942±0.0033 1.5 M2 -28.8 X X X -
10 315.444875 68.145894 2270057689598399360 3355−4 7.770±0.071 -1.428±0.078 15.0363±0.0057 1.1 M1 -64.5 X X - -
11 315.558650 68.233141 2270247492790812928 32126−31 8.666±0.528 -1.736±0.568 19.1129±0.0059 1.1 - - X X X X
12∗ 315.584979 68.423341 2270276041439733504 27719−22 7.262±0.483 -3.589±0.530 14.6337±0.0158 7.9 - - X - X -
13 315.617758 68.058287 2270056246489398528 3436−6 6.868±0.098 -1.319±0.107 15.3618±0.0053 1.1 K7 -56.0 - X X X
13b 315.618244 68.057669 2270056246489398400 37616−15 8.041±0.193 -1.202±0.215 15.5062±0.0010 1.5 M4.5IV -7.5 - - - -
14 315.637634 68.124746 2270056968043900928 3363−2 7.054±0.044 -1.017±0.043 14.2794±0.0078 1.0 K5 -4.0 X X X X
15 315.747855 68.108939 2270053875667453056 3234−5 7.174±0.079 -1.738±0.075 15.5766±0.0061 1.5 K4 -8.1 X X X -
16∗ 315.748555 68.136623 2270058303777440640 40185−149 5.678±0.849 -11.026±1.196 16.5831±0.0108 4.7 - - X X X -
17 315.851719 67.985134 2270052256462948736 3268−8 7.269±0.140 -2.330±0.128 13.3182±0.0111 5.9 K2 -13.1 X X X X
18∗ 315.923249 68.396018 2270272330587968256 559128−230 5.407±0.780 -3.269±0.752 17.4905±0.0045 4.1 - - X - X -
19 315.997585 67.824847 2270035287049455616 3468−9 7.722±0.152 -2.061±0.133 16.3326±0.0041 1.4 - - X X X -
Columns 2 & 3: 2015.5 epoch Right Ascension & Declination of sources given by Gaia DR2.
Column 4: Distance taken from the Bailer-Jones et al. (2018) catalogue.
Column 9: Renormalised Unit Weight Error (RUWE) of the YSO candidates.
Columns 10 & 11: Spectral type and equivalent width of Hα taken from Kun et al. (2009).
Column 13: X-ray detection by XMM-Newton.
Stars #4 & #5 appear as double sources. Resolved by Gaia DR2, 2MASS and Spitzer. In WISE and XMM-Newton, they are detected as single source. WISE and X-ray are assigned
to the brightest source in Ks band.
Stars #13 & #13b appear as double sources. Resolved only by Gaia DR2. 2MASS classified it as an extended source. Assigned X-ray detection to the brightest source in Gaia.
∗ Sources considered as outliers in our analysis.
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Table 4. Distance and proper motion values of the comoving sources from Gaia DR2.
# RA(2015.5) Dec(2015.5) Source Distance µα? (∆µα?) µδ (∆µδ) G (eG) RUWE Spectral Hα 2MASS S pitzer WIS E X-ray Spectral Index
(◦) (◦) ID (pc) (mas/yr) (mas/yr) (mag) Type EW (A˚) α
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
c1 314.358914 68.184721 2270164445306098560 3113−2 6.372±0.066 -3.263±0.041 14.321±0.000 1.0 - - X - X - -2.78
c2 314.877400 67.678993 2269947738436093696 36913−13 7.472±0.183 -3.129±0.216 16.881±0.002 1.0 - - X - X - -2.41
c3 314.963955 68.336928 2270263092114875520 37313−13 7.315±0.177 -1.844±0.166 16.825±0.002 1.0 - - X - X - -2.56
c4 315.201051 68.415148 2270265016260228608 3525−5 7.073±0.074 -0.752±0.079 14.800±0.001 1.1 - - X - X - -2.66
c5 315.271845 68.072754 2270238795483033728 3403−3 7.294±0.048 -1.576±0.056 13.363±0.006 1.2 - - X - X X -2.52
c6 315.350786 68.150243 2270245289474206848 35117−16 8.195±0.233 -0.846±0.271 17.622±0.003 1.3 - - X - - - -
c7 315.420625 68.301379 2270248798463735808 3319−8 7.510±0.142 -1.452±0.170 16.243±0.001 1.2 - - X X X - -2.32
c8 315.422157 68.182326 2270245465569124608 3376−6 7.222±0.096 -1.154±0.105 15.564±0.002 1.3 M1 -15.03 X - X X -0.73
c9 315.439309 68.113265 2270057483439969408 3422−3 7.595±0.042 -3.004±0.046 12.600±0.002 1.0 K2 -0.69 X X X X -2.45
c10 315.450292 68.115938 2270057517799708032 33813−13 8.084±0.206 -1.537±0.280 17.776±0.002 1.0 - - X X X - -0.61
c11 315.452017 68.135740 2270057685302330240 35043−34 8.426±0.623 -2.081±0.684 19.088±0.004 1.3 - - X - - - -
c12 315.458232 68.158415 2270057723958137600 33313−12 8.312±0.202 -1.153±0.219 16.674±0.001 1.5 - - X - - - -
c13 315.470563 68.362746 2270252367579936768 32818−17 8.544±0.324 -1.593±0.369 18.204±0.002 1.1 - - X X X - -2.30
c14 315.501565 68.192440 2270245809166510080 31911−10 7.975±0.177 -1.400±0.193 16.260±0.001 1.3 M3 -4.06 X X X X -1.98
c15 315.612647 68.015216 2270053081097108480 33917−14 7.643±0.282 -1.804±0.294 17.782±0.002 1.0 - - X - X - -2.21
c16 315.675742 68.172632 2270058651671079808 33415−13 7.885±0.231 -1.042±0.250 17.566±0.005 1.3 - - X X X - -1.45
c17 315.853497 68.132781 2270055421855682688 3188−8 7.334±0.146 -1.539±0.137 16.103±0.002 1.2 - - X X X - -2.39
c18 316.150453 68.498418 2270280409423293952 3365−5 7.372±0.078 -1.308±0.068 14.571±0.004 1.4 M1 -13.01 X - X - -0.80
c19 316.151474 68.496975 2270280405127009024 36619−17 7.148±0.242 -1.375±0.237 17.925±0.017 1.0 - - - - - - -
c20 316.394054 68.209051 2270068512916332672 3363−3 8.417±0.054 -1.372±0.053 14.290±0.003 1.2 - - X - X - -2.67
Columns 2 & 3: 2015.5 epoch Right Ascension & Declination of sources given by Gaia DR2.
Column 4: Distance taken from the Bailer-Jones et al. (2018) catalogue.
Column 9: Renormalised Unit Weight Error (RUWE) of the comoving sources.
Column 15: X-ray detection by XMM-Newton.
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Table 5. X-ray sources detected by XMM-Newton around HD
200775.
# RA (2000) Dec (2000) r HR1 e HR1 HR2 e HR2 2MASS Spitzer WISE
(◦) (◦) (′′)
X-ray sources associated with the known YSO candidates
4 315.360137 68.177384 0.346 0.96 0.04 0.30 0.05 X X X
8 315.403845 68.163229 0.079 0.85 0.01 0.30 0.01 X - -
11 315.558856 68.232957 0.973 0.97 0.65 0.93 0.09 X X X
13† 315.617351 68.058043 0.723 0.79 0.15 0.24 0.14 - X X
14 315.637078 68.124783 0.561 0.72 0.06 -0.10 0.06 X X X
17 315.849525 67.984878 2.996 0.92 0.08 0.31 0.10 X X X
27 315.133771 68.213195 0.324 1.00 0.04 0.73 0.03 X X X
30 315.261981 68.218805 0.728 0.94 0.17 0.47 0.13 X X -
32 315.286172 68.214544 0.234 0.83 0.33 0.67 0.18 X X X
39 315.406921 68.191929 0.646 0.94 0.08 0.21 0.11 X - X
X-ray sources associated with the newly identified comoving sources
c5 315.271092 68.072880 0.858 0.69 0.03 -0.08 0.03 X - X
c8 315.421356 68.182647 1.375 0.81 0.18 0.19 0.17 X - X
c9 315.439065 68.113329 0.081 0.88 0.04 0.06 0.05 X X X
c14 315.501365 68.192470 0.123 0.98 0.09 0.44 0.10 X X X
X-ray sources not associated with any of the known YSO candidates and comoving sources
x1 315.169421 68.202133 - -1.00 0.64 1.00 0.14 - - -
x2 315.376244 68.176781 0.243 0.63 0.17 0.43 0.12 X X X
x3‡ 315.490013 68.036100 0.461 0.48 0.09 -0.54 0.10 X - -
x4 315.722487 68.033205 0.651 0.44 0.10 -0.39 0.09 X X X
x5 315.736835 68.128639 - 1.00 0.27 0.80 0.08 - - -
r is the separation of the position of sources detected in XMM-
Newton and 2MASS.
† Star #13 is a double star (the second component is identified
as 13b, see Table 3) of ∼ 2′′ separation as resolved by the Gaia
DR2. However, in both Spitzer & WISE, they are detected as a
single source. The Spitzer and the WISE values are assigned to
the brightest of them.
‡ There are two sources within a search radius of 5′′ from the
X-ray detection.
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Table 6. 2MASS, Spitzer and WISE magnitudes for the known YSO candidates and newly identified comoving sources with photometric quality ‘A’ in all bands.
# RA Dec J±eJ H±eH K±eK I1±eI1 I2±eI2 I3±eI3 I4±eI4 W1±eW1 W2±eW2 W3±eW3 Class
Previously known YSO candidates
1 314.845315 68.245467 10.588±0.026 9.342±0.032 8.532±0.021 7.267±0.056 6.722±0.056 6.246±0.054 5.270±0.052 7.601±0.031 6.877±0.020 4.690±0.014 II
2 315.084447 68.140772 12.472±0.024 11.165±0.027 10.518±0.021 9.579±0.053 9.028±0.052 8.538±0.052 7.835±0.051 9.886±0.023 9.137±0.020 6.819±0.020 II
3 315.231481 68.190885 12.831±0.024 12.166±0.029 11.749±0.020 11.243±0.052 10.906±0.052 10.544±0.053 9.711±0.052 11.418±0.023 10.879±0.021 - II
4† 315.359984 68.177338 11.107±0.042 10.084±0.046 9.571±0.039 9.192±0.059 8.250±0.053 7.874±0.053 6.607±0.075 8.360±0.020 7.647±0.018 4.880±0.015 II
5† 315.362884 68.177214 12.323±0.031 11.150±0.036 10.417±0.025 - - - - - - - II
6‡ 315.399160 68.223752 12.471±0.029 11.033±0.038 10.257±0.023 9.139±0.054 8.579±0.056 8.536±0.052 7.538±0.053 9.355±0.023 8.649±0.020 - II
7 315.400352 68.139576 - - - 10.166±0.054 9.404±0.053 8.988±0.060 7.663±0.087 9.844±0.023 9.114±0.020 - Flat
8 315.403923 68.163263 6.111±0.030 5.465±0.031 4.651±0.017 - - - - - - - -
9 315.427117 68.215960 11.911±0.031 10.892±0.033 10.421±0.023 9.752±0.056 9.466±0.059 9.090±0.053 8.388±0.054 9.905±0.023 9.400±0.020 - II
10 315.444875 68.145894 11.792±0.024 10.798±0.033 10.159±0.022 9.561±0.052 9.246±0.051 9.144±0.052 8.760±0.054 - - - II
11 315.558650 68.233141 13.982±0.032 12.405±0.033 11.686±0.024 10.870±0.052 10.513±0.058 10.179±0.055 9.496±0.053 11.065±0.023 10.513±0.020 - II
12‡ 315.584979 68.423341 11.513±0.027 10.529±0.033 9.880±0.024 - - - - 9.346±0.023 8.765±0.020 6.386±0.014 II
13∗ 315.617758 68.058287 - - - 9.350±0.055 9.001±0.053 8.526±0.066 7.495±0.054 9.103±0.022 8.630±0.020 6.637±0.016 II
13b∗ 315.618244 68.057669 - - - - - - - - - - -
14 315.637634 68.124746 11.559±0.027 10.713±0.029 10.411±0.021 9.614±0.054 9.282±0.053 8.937±0.053 8.347±0.052 9.905±0.023 9.452±0.020 8.021±0.028 II
15 315.747855 68.108939 13.871±0.035 13.083±0.033 12.357±0.028 10.772±0.055 9.968±0.053 9.069±0.052 7.279±0.054 11.302±0.023 10.105±0.020 5.962±0.015 I
16‡ 315.748555 68.136623 12.414±0.029 11.440±0.031 11.066±0.023 10.748±0.054 10.626±0.054 10.559±0.052 10.449±0.057 10.866±0.023 10.643±0.020 10.175±0.086 III
17 315.851719 67.985134 9.538±0.027 8.767±0.032 8.196±0.02 7.393±0.053 6.988±0.076 6.534±0.055 5.615±0.054 7.632±0.030 6.900±0.020 4.662±0.014 II
18‡ 315.923249 68.396018 13.762±0.029 13.020±0.037 12.603 ±0.030 - - - - 12.189±0.023 11.762±0.020 10.090±0.035 II
19 315.997585 67.824847 12.789±0.029 11.981±0.031 11.478±0.019 10.618±0.055 10.225±0.052 9.909±0.052 9.284±0.053 10.838±0.023 10.231±0.020 8.685±0.021 II
Newly identified comoving sources
c1 314.358914 68.184721 12.338±0.024 11.695±0.029 11.535±0.023 - - - - 11.437±0.023 11.464±0.020 11.434±0.096 III
c2 314.877400 67.678993 12.772±0.025 12.145±0.030 11.769±0.026 - - - - 11.531±0.023 11.201±0.020 11.006±0.069 III
c3 314.963955 68.336928 12.954±0.026 12.173±0.030 11.808±0.025 - - - - 11.674±0.023 11.397±0.020 11.316±0.082 III
c4 315.201051 68.415148 11.715±0.026 10.773±0.030 10.495±0.019 - - - - 10.386±0.023 10.349±0.020 10.172±0.041 III
c5 315.271845 68.072754 10.630±0.024 9.928±0.032 9.683±0.022 - - - - 9.567±0.023 9.472±0.020 - III
c6 315.350786 68.150243 13.516±0.024 12.851±0.029 12.411 ±0.022 - - - - - - - -
c7 315.420625 68.301379 12.662±0.027 12.051±0.033 11.796±0.021 11.498±0.051 11.455±0.039 11.851±0.086 11.576±0.037 11.643±0.023 11.410±0.020 - III
c8 315.422157 68.182326 12.300±0.029 11.373±0.033 10.854±0.022 - - - - 9.575±0.020 9.220±0.019 - II
c9 315.439309 68.113264 10.426±0.026 9.771±0.032 9.613±0.022 9.601±0.050 9.606±0.051 9.553±0.048 8.616±0.040 9.374±0.024 9.362±0.020 - III
c10 315.450292 68.115938 13.893±0.027 13.136±0.033 12.739±0.025 12.217±0.094 11.903±0.042 10.789±0.064 9.414±0.050 11.447±0.025 11.002±0.022 - II
c11 315.452017 68.135740 14.588±0.035 13.876±0.048 13.491 ±0.042 - - - - - - - -
c12 315.458232 68.158415 12.589±0.024 11.948±0.032 11.573±0.023 - - - - - - - -
c13 315.470563 68.362746 13.771±0.029 12.561±0.035 12.104±0.026 11.866±0.056 11.861±0.056 11.751±0.081 12.039±0.053 11.941±0.022 11.700±0.020 11.168±0.075 III
c14 315.501565 68.192440 11.968±0.027 10.816±0.032 10.387 ±0.019 10.257±0.056 10.161±0.050 10.123±0.053 10.217±0.045 9.939±0.022 9.748±0.020 - III
c15 315.612647 68.015216 13.258±0.030 12.073±0.032 11.585±0.024 - - - - 11.396±0.023 11.107±0.020 - III
c16 315.675742 68.172632 14.368±0.035 13.549±0.037 13.125±0.024 12.465±0.052 12.217±0.052 12.004±0.084 10.621±0.050 12.366±0.023 12.051±0.023 - II
c17 315.853497 68.132781 12.364±0.029 11.410±0.030 11.024±0.021 10.885±0.051 10.803±0.051 10.689±0.050 10.683±0.044 10.881±0.022 10.699±0.020 - III
c18 316.150453 68.498418 11.570±0.030 10.782±0.037 10.454±0.023 - - - - 9.746±0.023 9.338±0.020 7.241±0.016 II
c19 316.151474 68.496975 - - - - - - - - - - -
c20 316.394054 68.209051 11.600±0.027 10.918±0.031 10.626 ±0.021 - - - - 10.559±0.022 10.511±0.020 10.342±0.042 III
† Stars #4 and #5 are resolved as two sources in 2MASS, Spitzer and Gaia DR2, but WISE detected them as a single source. We assigned the WISE to the brightest of them in Ks.
∗ Stars #13 & #13b appear as double sources of ∼ 2′′ in Gaia DR2. 2MASS classified it as an extended source. Visual inspection also show them as two sources. But detected as single source by 2MASS and WISE.
‡ Stars 6, 12, 16 and 18 are identified as outliers based on our distance estimation.
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Table 7. 2MASS, Spitzer and WISE magnitudes for the rest of known YSO candidates with photometric quality ‘A’ in all bands.
# RA Dec J±eJ H±eH K±eK I1±eI1 I2±eI2 I3±eI3 I4±eI4 W1±eW1 W2±eW2 W3±eW3 Class
20 314.137917 68.246667 14.583±0.077 13.669±0.087 13.275±0.072 - - - - 12.204±0.023 12.118±0.021 9.304±0.026 II
21 315.078827 68.185074 15.386±0.058 14.533±0.065 13.994±0.066 - - - - 13.749±0.026 13.681±0.029 - III
22 315.086250 68.221111 - - - 12.255±0.059 10.343±0.058 9.331±0.051 8.501±0.051 12.086±0.023 9.698±0.020 7.528±0.018 I
23 315.089576 68.129234 - - - - - - - - - - -
24 315.092083 68.216111 - - - 11.207±0.063 9.391±0.055 8.462±0.051 7.576±0.051 11.595±0.027 9.086±0.021 7.028±0.017 I
25 315.093333 68.217778 - - - 12.755±0.069 11.520±0.059 10.883±0.053 10.089±0.053 - - - Flat
26 315.120417 68.217222 15.998±0.080 13.096±0.030 11.584±0.023 10.270±0.055 9.756±0.053 9.321±0.051 8.585±0.051 10.587±0.023 9.638±0.020 8.006±0.022 II
27 315.133750 68.213056 11.377±0.024 9.836±0.028 9.096±0.021 8.379±0.052 8.053±0.050 7.688±0.052 7.143±0.053 8.712±0.022 8.143±0.020 6.690±0.016 II
28 315.152500 68.062222 11.646±0.022 10.826±0.027 10.608±0.023 10.391±0.056 10.394±0.052 10.318±0.052 10.191±0.051 10.458±0.023 10.377±0.020 - III
29 315.242083 68.160556 12.389±0.026 11.535±0.031 11.081±0.020 10.539±0.051 10.225±0.052 9.802±0.055 8.935±0.051 10.623±0.023 10.116±0.021 - II
30 315.262500 68.218611 14.118±0.040 12.755±0.043 11.969±0.029 11.028±0.050 10.448±0.055 10.165±0.052 9.293±0.053 - - - II
31 315.265417 68.219167 - - - 10.171±0.054 9.761±0.054 9.432±0.051 8.733±0.053 9.877±0.023 9.305±0.020 - II
32 315.286250 68.214444 14.736±0.034 13.627±0.037 12.902±0.032 12.189±0.052 11.764±0.052 11.317±0.054 10.568±0.069 12.385±0.024 11.675±0.022 - II
33 315.292500 68.192500 14.764±0.036 14.097±0.041 13.677±0.047 13.091±0.053 12.779±0.055 12.384±0.060 11.660±0.071 - - - II
34 315.302083 68.171944 11.829±0.027 10.836±0.035 10.391±0.022 9.786±0.054 9.542±0.056 9.098±0.054 8.202±0.058 9.839±0.022 9.386±0.020 - II
35 315.363750 68.193889 15.378±0.059 13.15±0.037 11.806±0.025 10.578±0.053 10.093±0.053 9.508±0.054 8.667±0.050 10.728±0.023 9.842±0.020 - II
36 315.365622 68.136520 13.999±0.024 13.195±0.031 12.663±0.029 - - - - 11.455±0.036 10.664±0.029 - II
37 315.373750 68.229444 14.116±0.039 12.398±0.038 11.410±0.022 10.442±0.052 10.023±0.056 9.520±0.049 8.856±0.053 10.852±0.023 10.086±0.021 - II
38 315.386667 68.188889 - - - 12.404±0.057 10.778±0.057 9.726±0.052 8.599±0.061 11.507±0.022 9.835±0.019 - I
39 315.406537 68.191931 11.271±0.024 10.260±0.031 9.683±0.022 - - - - 8.935±0.022 8.474±0.020 - II
40 315.431667 68.160000 11.218±0.024 10.415±0.030 10.156±0.020 9.988±0.054 9.951±0.052 9.859±0.058 9.961±0.075 - - - III
41 315.432083 67.840556 13.056±0.027 11.82±0.031 11.090±0.022 10.300±0.051 9.992±0.054 9.756±0.053 9.129±0.053 10.478±0.023 9.915±0.020 8.335±0.021 II
42 315.432917 68.234167 15.036±0.071 13.734±0.052 12.402±0.032 9.872±0.052 9.045±0.055 8.376±0.051 7.840±0.051 10.040±0.023 8.894±0.018 - I
43 315.439167 68.072500 13.281±0.026 11.923±0.031 11.352±0.025 10.796±0.057 10.368±0.060 10.209±0.056 8.886±0.055 11.002±0.023 10.515±0.020 - II
44 315.469583 68.164167 - - - 11.058±0.051 10.319±0.057 9.741±0.060 8.744±0.064 - - - II
45 315.478158 68.116402 14.116±0.032 13.264±0.035 12.664±0.023 - - - - 11.534±0.025 11.490±0.021 - II
46 315.510417 68.199444 14.854±0.043 13.549±0.036 12.878±0.030 - - - - 12.319±0.024 11.796±0.023 - Flat
47 315.553036 68.397097 11.573±0.024 10.469±0.032 10.099±0.021 - - - - 9.937±0.023 9.956±0.020 9.791±0.034 III
48 315.558750 68.125000 15.768±0.075 14.656±0.056 13.604±0.044 11.397±0.056 10.438±0.054 9.683±0.057 8.435±0.064 11.263±0.024 10.167±0.021 - I
49 315.588333 67.905556 - - - 10.772±0.055 9.363±0.054 8.566±0.053 7.728±0.052 11.389±0.022 9.111±0.020 6.931±0.016 I
50 315.592848 68.203369 - - - - - - - - - - -
51 315.613750 67.905000 - - - 13.589±0.063 12.985±0.066 13.105±0.081 13.139±0.101 - - - Flat
52 315.616667 68.146389 15.574±0.059 13.815±0.046 12.786±0.036 11.894±0.053 11.418±0.054 10.940±0.054 9.914±0.052 - - - II
53 315.624583 67.902222 15.022±0.074 12.035±0.038 10.415±0.024 8.621±0.054 7.938±0.055 7.392±0.051 6.733±0.059 9.131±0.023 7.971±0.020 6.271±0.015 II
54 315.645524 68.200684 15.337±0.051 14.377±0.056 13.685±0.050 - - - - - - - -
55 315.728750 68.105833 15.661±0.067 13.712±0.041 12.261±0.023 10.688±0.051 10.240±0.053 9.945±0.054 9.329±0.055 10.809±0.023 10.033±0.020 - II
56 315.781667 68.142778 12.435±0.029 11.398±0.032 10.732±0.021 10.035±0.052 9.690±0.050 9.372±0.053 8.632±0.053 10.134±0.023 9.627±0.020 7.494±0.026 II
57 315.800417 68.216944 - - - - - - - - - - -
58 316.065000 67.712778 6.256±0.019 5.068±0.018 4.616±0.017 6.100±0.178 4.499±0.060 4.042±0.071 3.892±0.061 - - - III
The classifications of the YSO candidates were taken from Kirk et al. (2009).
α for #21, #36, #39, #45 and #47 were calculated by us.
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